ABSTRACT: Factors causing amoebic gill disease (AGD), the main disease affecting the salmonid industry in Tasmania, are largely unknown. Managers of 57 sites, from 4 countries, in both the Southern and Northern Hemisphere were questioned regarding the 2000 smolt year-class Atlantic salmon. Questions included site characteristics, fish population characteristics, husbandry and management programs, through to freshwater bathing characteristics. Possible risk factors for AGD outbreaks that were identified in this study using farm managers' opinions were mixed sex stocks (Tasmania), downstream positioning from other salmonid farming sites (pooled), tidal sites (Tasmania), depth of site (pooled), rate of salinity change in halocline and depth of halocline (pooled, Tasmania), phytoplankton blooms (pooled, Tasmania), antifouling paints (Tasmania, overseas) and automated feeding (pooled, overseas). The information from farm managers suggested that freshwater bathing is less effective with smaller bathing cages and lower levels of saturated oxygen in the bathing water. Risk factors could not always be determined due to the complex interactions between the biological and chemical environment, host and pathogenic factors, coupled with low sample numbers.
INTRODUCTION
Presently, amoebic gill disease (AGD) is the main disease that affects the salmonid industry in Tasmania (Nowak 2001) and is of lesser importance in other countries (Munday et al. 2001 ). The pathogen Neoparamoeba pemaquidensis is endemic and free-living in the marine environment (Page 1987 , Dyková et al. 2000 , with a worldwide spread (Cann & Page 1982) . AGD outbreaks have been reported in Tasmania (Munday et al. 1990 (Munday et al. , 1993 , Ireland (Rodger & McArdle 1996 , Palmer et al. 1997 , France (Findlay & Munday 1998) , Spain (Dyková et al. 2000) , New Zealand (Clark & Nowak 1999) , Washington State and California, USA (Kent et al. 1988) , and in Chile (D. Groman & P. Bustos pers. comm.). Affected fish species include: salmonids, such as Atlantic salmon Salmo salar; rainbow trout Oncorhynchus mykiss; chinook salmon Oncorhynchus tshawytscha and coho salmon Oncorhynchus kisutch; and non-salmonids such as turbot Scophthalmus maximus, European sea bass Dicentrarchus labrax and sharpsnout seabream Diplodus puntazzo, with Atlantic salmon and rainbow trout the more susceptible species among salmonids (Kent et al. 1988 , Clark & Nowak 1999 , Dyková et al. 2000 , Dyková & Novoa 2001 , Munday et al. 2001 .
Increased production costs due to AGD outbreaks in Tasmania can be high, with 10% of the production cost spent on management of AGD. One of the main factors contributing to the costs of AGD are high treatment costs (Munday et al. 1990 . However, historical evidence suggests that mortalities in-crease when fish are left untreated (Munday et al. 1990 ). Freshwater bathing has been shown to be an effective treatment method, and is presently the main and most successful treatment method for AGD (Munday et al. 1990 , Nowak 2001 . In a freshwater bath treatment, fish are immersed into oxygenated fresh water for up to 4 h (Munday et al. 1990 ). In the field, AGD prevalence is reduced for up to 21 d post freshwater bath (Clark & Nowak 1999 ), but a total removal of the parasite is not achieved . With the high losses involved, alternative control methods should be sought in order to reduce the impact of AGD on the salmonid industry.
Those elements that increase the risk of a disease are called risk factors (Thrusfield 1995) . Risk factors can be attributed to pathogen risk factors, host risk factors and environmental risk factors (Davidson 1999) , and interaction of these factors can result in diseases such as AGD. These interactions can be complex (Thrusfield 1995 , Frankena & Thrusfield 1997 , Menzies et al. 1998 , making determination of causal factors difficult. Confounding is a common phenomenon, and many host variables such as sex and age can mask a real association between a causal factor and disease (Martin et al. 1987) . Identification of true risk factors is needed before preventative measures can be developed and the disease managed effectively (Thrusfield 1995) . This requires knowledge of host population characteristics and environmental conditions that promote outbreaks (Nowak 2001) . This paper describes the outcomes of a questionnaire survey, which attempted to identify risk factors by gaining knowledge about the farm manager's perceptions of (1) host population characteristics, (2) general husbandry practices, and (3) environmental conditions when outbreaks occurred.
MATERIALS AND METHODS
A questionnaire was designed in 'EPED' of the software program Epi-Info (version 6.04b-c, USD Inc., Dean et al. 1995) . Site managers of 57 farm sites were asked to fill in an extensive questionnaire about the 2000 smolt year-class Atlantic salmon, introduced on marine farms in 2000 and harvested in 2001. The questionnaire consisted of 94 questions that ranged in topics from historical background information, host and site characteristics, husbandry methods, and freshwater bathing efficacy as a treatment method. The questionnaire contained a mixture of (1) open (36/94), (2) closed (26/94) and (3) multiple choice (32/94) questions. The questionnaires for the Tasmanian sites were either sent via electronic mail or given to the site manager in person. In total, there were 31 Tasmanian marine salmon farming sites, with AGD-affected and AGD-unaffected areas geographically separated. In 14 (45.2%) of the Tasmanian cases, the site managers were personally guided through the questionnaire, after which the site manager individually completed the questionnaires. The 17 others (54.8%) preferred to fill out the questionnaires without an interview. Regular contact was maintained with the Tasmanian site managers once they received the questionnaire to offer discussion opportunities regarding any issues concerning the questions. A small group of salmon farmers on sites in Canada (17 sites, all without AGD history), America (3 sites, all with AGD history), Ireland (6 sites, all with suspected and confirmed AGD history), and New Zealand (1 site, with a confirmed history of AGD) were asked to participate in the questionnaire survey. Managers from selected Canadian, US, and Irish salmon farms were personally interviewed on a one-to-one basis, while the manager in New Zealand did not wish to participate.
Data from the completed questionnaires were entered and analysed using the software program Epiinfo (version 6.04b-c). Sites were classified by AGD status (positive/negative) and location (Tasmania/overseas/pooled Tasmanian and overseas). This made it possible to compare AGD occurrence with environmental and/or husbandry factors within and between (after adjustment of the dates) the 2 hemispheres. The calendar year was split into a warm season (WS), or AGD-active part, and a cool season (CS), or AGD-inactive part of the year. The WS ran from November to April (Tasmania) and from May to October (overseas), while the CS ran from May to October (Tasmania) and from November to April (overseas). The majority of AGD outbreaks in Tasmania were characterised by a greatly increased presence of white mucoid patches on affected gills between 2 consecutive gill checking procedures (gross gill assessment). A large part of the results are descriptive, in which farm and husbandry factors are described in relation to AGD. An attempt was made to identify factors that increased the likelihood of AGD occurrence on sites, based on questionnaire results.
Data were tested for homogeneity of variance using Bartlett's test. Analysis of variance (ANOVA) was used for continuous and/or ordinal data only, which were normally distributed and had equal variances. The non-parametric Kruskal-Wallis (K-W) test for continuous data was performed if assumptions of ANOVA were violated. A Mantel-Haenszel (M-H) chi-square test was used for categorical data, and if possible, risk ratios and exact 95% confidence limits were presented. If an expected categorical value was less than 5, a Fisher's exact test was used. Stratified analysis was performed on some of the factors to assess confounding and if the crude Odds Ratio (OR) and Mantel-Haenszel Odds Ratio were significantly different (as determined by a chi-square analysis), confounding was considered to be present. Data for Tasmanian (TAS) and overseas (OS) sites were analysed for significant differences between the 2 hemispheres. If no significant difference was found, data were pooled for analysis (Pooled); otherwise, data were analysed for each region separately. In some cases, no significant difference between the 2 regions was found, but results of TAS, OS and Pooled were presented to allow an insight into the results for each region separately as well as for the combined data. Findings in all statistical analyses were considered significant when p ≤ 0.05.
RESULTS
A total of 31 Tasmanian (91.2% response rate) and 26 overseas (92.9% response rate) site managers responded to the questionnaire, resulting in a total of 57 sites available for analysis. The site manager from New Zealand did not wish to participate because AGD was a minor problem in that country. Of the 31 Tasmanian sites, 25 (80.6%) were AGD-positive and 6 (19.4%) were AGD-negative in the year 2000. For the Northern Hemisphere, 9 sites (39.1%) were AGD-positive and 17 (60.9%) were AGD-negative. Only 3 of the overseas sites, where AGD was detected, were using the freshwater bathing treatment on an experimental basis. It was, therefore, decided to use only freshwater bathing frequencies and mortality data from Tasmanian sites to assess freshwater bathing efficacy.
AGD general
The severity of AGD outbreaks was determined using various assessment techniques, with gross gill assessment (25/66) and increased mortalities/decreased food intake (15/66) the main ones in Tasmania. Overseas outbreak severity was based on increased mortalities (6/9) and gross gill assessment (3/9). Managers reported that AGD in Atlantic salmon was first recorded on Tasmanian sites in 1988, while overseas this was in 1996. It was thought that a change in the weather patterns in Tasmania, with mainly warmer and drier conditions, resulted in a higher percentage of AGD-positive sites. At 19 (76%) Tasmanian sites, outbreaks occurred between September and May, while at 6 (24%) sites, outbreaks occurred in all months. On overseas sites, all AGD outbreaks were experienced from spring to autumn (April-November). In the Tasmanian managers' opinions, the main risk factors associated with AGD were temperature (12/25, increased temperature results in increased risk), salinity (4/25, increased salinity results in increased risk), presence of other infected fish (4/25) and stocking density (3/25, increased stocking density results in increased risk). Overseas, they were biofouling (3/9) and other factors (6/9) such as fish size (2/6) and season (4/6).
The reported mortality rate due to all causes was not significantly different on AGD affected and unaffected sites in the warm season (p = 0.388 TAS, p = 0.108 OS) or in the cool season (p = 0.498, Pooled, see Table 1 ). The main cause of mortalities in the WS was considered to be AGD (14/29 of the Tasmanian respondents) and non-performing smolts (18/41 overseas). In the CS, the main cause of mortalities was considered to be predation, mostly due to seals both on Tasmanian and the overseas sites. Fish reported to be mostly affected by AGD on Tasmanian sites were mature salmon (12/33 respondents), adults in general (11/33 respondents) and triploids (10/33 respondents). Overseas, smolt (7/9 respondents) and adults in general (2/9 respondents) were mentioned as the fish mostly affected by AGD.
The reported average temperature at the onset of AGD outbreaks on Tasmanian sites was 15.3°C and for overseas sites 13.7°C, ranging from 12 to 17°C in Tasmania and 9 to 17°C overseas. Though the average temperature on Tasmanian sites was higher, the difference in onset temperature between sites from the 2 hemispheres was not significant (p = 0.278). The outbreak temperature was considered to be within 1.5°C of the normal average of that time of the year by 68% of the site managers (17 Tasmanian sites; 6 overseas sites). In Tasmania, significantly higher mortalities were reported, both in the WS and CS, when onset temperatures of AGD outbreaks were thought to be at least 1.5°C above the normal average (p < 0.01 for WS and CS). For overseas sites, the sample size was too small to perform statistical analysis. Reported salinity at the onset of AGD outbreaks ranged from 32 to 35 ppt on Tasmanian sites, and 30 to 35 ppt on overseas sites, with averages of 34.5 ppt (SD 0.71) and 31.7 ppt (SD 2.00), respectively. The average onset salinity was con- 
Site characteristics and AGD
Tasmanian AGD-positive sites and all overseas sites were tidal and this was significantly associated with AGD occurrence on a site (p = 0.004, see Table 2 ). Estuarine sites were significantly shallower compared to oceanic sites, which affected the type of sea bed at these sites. The sea bed on AGD-positive pooled sites contained mud or sand in 97.1% of the cases, while on AGD-negative sites this was 60.9%. The average depth at AGD-positive sites was 21.7 m (SD 4.8, TAS) and 16.7 m (SD 6.1, OS), and were in general shallower compared to AGD-negative sites, which were on average 25.8 m (TAS, SD 3.6) and 58.8 m (OS, SD 21.9). Overseas, depths of AGD-affected sites were significantly shallower than AGD-unaffected sites (p < 0.01, Table 2 ), but not on Tasmanian sites (p = 0.059, TAS, Table 2 ). The type of sea bed was significantly associated with the reported AGD status of a site using pooled data (p < 0.01). However, on Tasmanian sites only, this association was not seen (p = 0.803), possibly due to confounding with other environmental factors.
Salinity is a well-recognised risk factor for AGD (Clark & Nowak 1999) . Often salinity changes in the surface layer of the seawater column (halocline), due to freshwater run-off from rivers and/or precipitation. The reported rate of salinity change in the halocline was significantly smaller on AGD-positive sites compared to AGD-negative sites (p < 0.01, Pooled, see Table 2 ) and in Tasmania, the reported depth of the halocline was shallower (p = 0.001 TAS, p = 0.496 OS, see Table 2 ). The average reported depth of the halocline on Tasmanian sites was 0.53 m (SD 1.2) for AGDpositive sites and 4.00 m (SD 2.2) for AGD-negative sites. Overseas, these were 3.00 m (SD 2.5) for AGDpositive sites and 3.88 m (SD 0.9) for AGD-negative sites.
Phytoplankton blooms and the presence of jellyfish have been mentioned by site managers as potential risk factors. Phytoplankton blooms in Tasmania were reported to occur from late winter to mid autumn and overseas from late winter to early autumn, with maximum bloom frequencies in Tasmania in December, and overseas in September. In Tasmania, phytoplankton blooms were reported exclusively on AGD-positive sites, while overseas 36.0% of the AGD-positive sites reported blooms. In Tasmania, a significant association between the occurrence of reported phytoplankton blooms and presence of AGD was found (p < 0.01, see Table 2 ). Analysis showed that the presence of reported phytoplankton blooms on Tasmanian sites was not associated with the reported average salinity or temperature at the onset of an AGD outbreak. On overseas sites, no significant association between reported phytoplankton blooms and AGD was found, but blooms reported overseas were associated with both reported temperature (p = 0.018) and salinity (p = 0.030) at the onset of AGD. The presence of jellyfish did not seem to have an effect on the occurrence of AGD (p = 0.172 TAS, p = 0.660 OS).
Husbandry and AGD
Managers reported a significantly higher freshwater bathing frequency in the WS in Tasmania when the distance between cages was less than 30 m or when different sites were less than 2 km apart (p = 0.011 for sites, p < 0.01 for cages). However, AGD occurrence of Tasmanian sites was not associated with distance between sites and distance between cages. The main cage type used on Tasmanian sites was very different from those used overseas and, therefore, data could not be pooled. Tasmanian sites mainly used circular 178 When using pooled data, it was shown that sites that reported AGD outbreaks with higher frequencies had 1 or more salmon farming sites upstream (p = 0.016, Pooled, see Table 2 ). In addition, the frequency of AGD occurrence increased with increasing numbers of farms upstream. However, this could have been confounded with the salinity gradient when travelling downstream in an estuary.
Fish are commonly protected from predators such as seals by using predator nets, which surround the sea cage nets. The use of predator nets was more common in Tasmania (60.7% of the sites) than overseas (26.9% of the sites). In general, the occurrence of predator nets was significantly higher on reported AGD-positive sites, compared to AGD-negative sites (p = 0.001, Pooled), though this relationship is likely to be confounded by geographical location. Antifouling paints, which are used to prevent biological growth on fish nets, were reported to be more commonly used on overseas sites (100%) compared to Tasmanian sites (45.2%). In Tasmania, antifouling paints were reported to be used significantly more on reported AGD-positive sites compared to AGD-negative sites (p = 0.021, see Table 2 ). However, when data were pooled, no effect on the usage of antifouling paints on the AGD status of a site was detected (p = 0.615).
A common practice on Tasmanian salmonid farms is to employ a fallowing program, where sites are kept devoid of fish for a set period of time. There was no evidence that fallowing affected the reported AGD status on a site, possibly due to the wide range of fallowing schedules that were used and the different opinions of farm managers to how fallowing is defined. When farms were classified as those that used fallowing in some form and those that did not at all, fallowing occurred significantly more on Tasmanian reported AGDpositive sites (p = 0.038) and reported AGD-negative overseas sites (p = 0.008). Fallowing was not likely to influence the AGD status on Tasmanian sites (risk ratio [RR] = 2.21, 0.75 < RR < 6.53), but was likely to prevent the presence of AGD on overseas sites (RR = 0.23, 0.11< RR < 0.49). This may reflect definition differences between Tasmanian and overseas managers.
The reported minimum and maximum stocking densities of fish were in general higher on overseas sites, both on AGD-positive and AGD-negative sites, compared to Tasmanian sites (Table 3) , but the differences were not significant. The average reported maximum stocking density on Tasmanian AGD-positive sites was significantly lower compared to Tasmanian AGD-negative sites (p = 0.004, Table 3 ). The average reported minimum stocking density was similar on AGD-positive and negative sites in Tasmania. Overseas, no difference was detected between the reported minimum and maximum stocking densities on AGD-positive and AGD-negative sites (Table 3) .
Multiple species reared on a site were reported for 48.4% of the Tasmanian sites and 3.8% of the overseas sites, but was not found to significantly affect the reported AGD status of a site (Table 4) . Rainbow trout (TAS) and chinook salmon (OS) were reported as cocultured species next to Atlantic salmon. The stocking of a site with diploids only or with a mix of diploids and triploids was also not associated with the reported AGD status of a site (Table 4 ). All AGD Tasmanian positive sites were stocked with a mix of female and male fish, or with both mixed female and male fish, and female only fish (mixed stock) rather than only female stocks. Mixed sex stocks were found to be significantly associated with the reported AGD status of a site (p = 0.004, see Table 2 ). Overseas, mixed sex stocks were used on all interviewed sites. Pooled data showed that 63.0% of the mixed sex stocks resided on AGD-positive sites, but was not significantly associated with the reported AGD status of a site (p = 0.061, see Table 2 ).
Fish were reported to be fed either automatically, by hand, or by using a combination of the 2 methods. On Tasmanian reported AGD-positive sites, 36.0% of the fish were mechanically fed, and no association between automated feeding and reported AGD status of a site was detected (p = 0.145, see Table 2 ). Overseas and pooled data showed a significant association between automated feeding and reported AGD occurrence of sites (OS, p < 0.01; Pooled, p < 0.01, see Table 2 ). On reported AGD-positive sites, 66.7% (OS) and 55.9% (Pooled) of the fish were fed automatically compared to reported AGD-negative sites. There was no association between the use of food additives and the reported AGD status of a site (Table 4) . Non-significant associations for Tasmanian sites of AGD and site characteristics are shown in Table 4 .
Freshwater bathing as a treatment
The need for freshwater bathing on Tasmanian sites was assessed either by gross gill examination (24 respondents or 58.5%), according to a set schedule (15 respondents or 36.6%), or when either food consumption decreased or mortalities increased (1 respondent or 2.4% each). Generally, only some of the cages on a site are affected by AGD at a particular time, and 72% of the site managers (17 sites) would bath only these AGD-affected cages, while 28% (7 sites) would bath all cages, regardless of infection status. The freshwater bathing frequency in the WS and CS was not related to either bathing strategy (p = 0.102 in the WS, p = 0.919 in the CS). The reported freshwater bathing frequency in the WS was on average 1.69 times mo -1 (SD 1.31) whereas CS freshwater bathing frequency was significantly lower (p = 0.002) with 0.65 times mo -1 (SD 0.91) in the CS. The time between freshwater baths ranged on average from 3.6 wk (SD 1.58) in the WS to 15.2 wk (SD 6.03) in the CS. There was a significant association between reported mortality rate in the WS and periods between freshwater baths longer than 7 wk (p = 0.031). cage. The bath water was always oxygenated during the bathing process. Sixteen (64%) respondents reported an oxygenation range between 101 and 140% while 9 (36%) of the respondents oxygenated between 141 and 180%. Higher oxygen saturation levels were not associated with the freshwater bathing frequency in the WS (p = 0.831, Table 6 ), but were significantly associated with a reported lower mortality rate in this period (p = 0.004, Table 6 ). This association between bathing frequency and mortality rate in the WS was not confounded by the higher freshwater bathing frequency, which is normally employed in this period (p = 0.291). In the CS, a higher oxygenation level was significantly associated with a lower reported freshwater bathing frequency (p = 0.001, Table 6 ), but not the reported mortality rate (p = 0.283, Table 7) . No relationship could be detected between reported freshwater bathing frequency in the WS and CS, and the reported mortality rate or between these variables and the reported oxygen saturation level of the bathing water. The water during bathing was reported to be either stagnant (11/23 sites) or actively flowing (12/23 sites). There was no association between the water movement and the reported freshwater bathing frequencies in the WS (p = 0.380) and the CS (p = 0.613), nor between the reported mortality rate in the WS (p = 0.344). However, a significantly higher reported mortality rate in the CS was found when water in the bath was stagnant (p = 0.033).
The fresh water originated from dams (10/25 respondents), rivers (4/25 respondents), town water, or from a combination of the above (11/25 respondents). Significant associations between the reported freshwater bathing frequencies and reported mortalities, and the source of the bathing water were detected, and results are presented in Table 7 . The reported freshwater bathing frequency was significantly higher when a combination of dam/town water or dam/river water was used in the WS (p = 0.019) and the CS (p = 0.008). The reported mortality was highest when a combination of dam/town water was used for bathing, both in the WS (p = 0.002) and the CS (p < 0.01). The reported land use surrounding the freshwater source did not affect the reported freshwater bathing frequency (p = 0.288 WS, p = 0.294 CS), nor the reported mortality rate (p = 0.186 WS, p = 0.612 CS).
Bathing origin, defined as the place where cages received their treatment (either at origin or at another lease site), was not significantly associated with the reported freshwater bathing frequency (p = 0.282 WS, p = 0.148 CS) or reported mortality rate (p = 0.219 WS, p = 0.639 CS). After the freshwater bath, cages either remained on the site (18/20 respondents), or were transferred to another site (2/20 respondents). The cage destination was not associated with the bathing frequency (p = 0.588 WS, p = 0.195 CS) or reported mortality rate (p = 0.361 WS, p = 0.509 CS).
DISCUSSION
Response rates for questionnaires can be as low as 50% and questionnaires with a lower response rate should be treated with caution, leading to response bias (Thrusfield 1995) . The response rate in our study was high with 91.2% for Tasmanian and 92.9% for contacted overseas sites. We have, therefore, assumed that the response bias in our study was minimal. The authors tried to avoid selection of sites on the basis of AGD occurrence. In Tasmania, 2 of the 3 non-respondents were AGD-positive sites, while 1 site was classified as AGD-negative. Overseas, 17 of the contacted respondents were classified as AGDnegative sites. Since most Tasmanian sites were AGD-positive and most contacted overseas sites were AGD-negative, some bias could have been introduced into the study results.
The quality of the collected data determines the validity of the questionnaire and is reliant on the accuracy of records, and lack of selection bias, misclassification and confounding (Thrusfield 1995) . Certain data types in this study required recall of numerical records, which could originate from existing farm records. These include stocking densities, mortality rate, frequencies of freshwater bathing and net changes, stocking densities during freshwater bathing, duration freshwater bath. Because data recording systems are present on Tasmanian farms, recall bias is unlikely. Nonetheless, these data are clearly subject to measurement errors. Other data on record include the presence or absence of algal blooms or jellyfish and the months of AGD outbreaks (dependent on farmer's opinion of outbreak). Because the accuracy of these data is unknown, they should be treated with caution since they represent the opinion of the individual manager and would be more prone to bias. These questions formed 11.3% of the total number of questions asked. The AGD status of a site could be reliably determined on Tasmanian sites, while AGD occurrence was confirmed on some of the overseas sites. On Tasmanian sites, regular gill checks (Munday et al. 1993) , often followed up by a specific indirect fluorescent antibody test (Howard & Carson 1993) , are used for diagnosis. In Ireland, AGD diagnosis was based on histopathology (H. Rodgers pers. comm.). A previous outbreak in Ireland (Rodger & McArdle 1996 , Palmer et al. 1997 ) was confirmed using indirect fluorescent antibody testing (IFAT, Howard & Carson 1993) and PCR (Elliott et al. 2001) . On the USA questioned sites, coho salmon were farmed until 1988 and were replaced by Atlantic salmon in 1989. A previous AGD outbreak in this area, involving coho salmon (Kent et al. 1988) , was confirmed using IFAT (Howard & Carson 1993) , PCR (Elliott et al. 2001 ) and histochemistry (DouglasHelders et al. 2001) . The AGD outbreaks in the USA dealt with in this study were confirmed by the presence of characteristic pathology of the gills combined with altered fish behaviour.
AGD is a multi-faceted disease, with environmental, host and disease agent factors influencing the occurrence of outbreaks (Douglas-Helders et al. 2002) . Possible risk factors were identified by the questionnaire survey through comparison of factors between reported AGD-positive and AGD-negative sites, and results are summarised in Table 2 . They included, among others: (1) mixed sex stocks, and (2) being positioned downstream from 1 or more other salmon farming sites when data was pooled.
The possibility of mixed sex stocks as a risk factor for AGD may be related to maturation. Females are able to release pheromones, which induce the production of sex steroid hormones in males (Olsen et al. 2001) . Sex steroids influence the immune status of the fish, often leading to immunosuppression (Bakke & Harris 1998) . For example, there was a 13-fold increased likelihood of infection with Kudoa thyrsites for sexually mature salmon compared to sexually immature salmon (StHilaire et al. 1998) . Also, higher cortisol levels, a measure for primary stress responses (Sadler et al. 2000) , were found in mixed sex populations compared to allfemale populations. High cortisol levels have also been associated with immunosuppression (Bakke & Harris 1998 , Sadler et al. 2000 .
Paramoebae were found to remain at detectable levels, though at significantly lower numbers, up to 1100 m away from a farming site, which was the greatest distance measured (Douglas-Helders et al. 2003a) . Further, it was demonstrated that Neoparamoeba pemaquidensis did nor require contact with hosts for at least 14 d to remain infective when a high infection dose was used (Douglas-Helders et al. 2003b ). Both studies suggest that the zone of infection around salmon farms could be very extensive (DouglasHelders et al. 2003a ). This was seen in this study with farms seemingly at increasing risk of experiencing AGD when located downstream from increasing number of farming sites. This might also have been reflected in this study in the significantly higher freshwater bathing frequency when sites were less than 2 km apart. These results stress the need for an integrated approach from all farmers within 1 region to manage AGD efficiently.
This questionnaire concerned the year 2000 smolt year-class some 12 yr after the first description of AGD (Munday et al. 1990 ). Husbandry has been developed over time to minimise losses due to AGD. The higher fallowing frequencies and reported lower stocking densities on AGD-affected sites are probably related to management changes to control AGD. On the overseas sites, where AGD is currently not a great problem, fallowing occurred more frequently on reported AGD-unaffected sites and was negatively associated with the occurrence of AGD. Also, similar stocking densities were reported on AGD affected and unaffected sites. Similarly, no significant difference in reported mortality rate on AGD-affected and ADG-unaffected sites was detected in this study. However, this may merely show that the freshwater bath treatments are successful in controlling AGD. This was also demonstrated by the significant positive association between reported mortality rate and the extension of the period between bathing treatments. Freshwater bathing is, however, very costly ) and other control or treatment methods should be sought.
Factors increasing mortality risk which were identified in the questionnaire survey in relation to the freshwater bathing efficacy and number of required treatments were: (1) using a lower oxygen saturation level in the CS, (2) using a combination of dam/tap water or dam/river water for freshwater bathing, and (3) using smaller size bathing cages. Initial freshwater bathing was found to be effective for up to 3 wk, with a longer lasting effect at subsequent bathing (Findlay & Munday 1998 , Clark & Nowak 1999 , Nowak 2001 ). In our study, a significantly higher mortality rate was reported when fish were bathed at longer than 7 wk intervals in the period from November to April. This suggests that regular bathing may be able to control the mortality in the warmer half of the year.
The size of the bathing cage and stocking density within these cages were inter-related and, therefore, its individual effect on bathing efficacy, determined through reported bathing frequency, was difficult to estimate. However, only the stocking densities that were used in the 40/60 m cages showed a significantly increased freshwater bathing frequency. It is, therefore, likely that bathing is less effective in smaller size cages. This could be due to a range of factors such as confinement stress (Sadler et al. 2000) , dominant behaviour (MacClean & Metcalfe 2001) and inability for escapement possibly leading to an increased chance of AGD-affected fish infecting unaffected fish.
Higher reported initial oxygen saturation levels during bathing were negatively associated with the mortality rate in the WS but not the reported bathing frequency. The reported bathing frequencies were negatively associated with the higher reported oxygen level during the CS, but not the number of total mortalities. The association in the WS was not related to the reported increased bathing frequency in that time of the year. During bathing, the oxygen level would decrease through the release of oxygen from the water to the air, which would happen faster with increasing temperatures, as well as to consumption by fish. Previous studies indicated the importance of oxygen, affecting physiological processes during bathing and its effect on Neoparamoeba pemaquidensis survival (Powell et al. 2000 . However, additional trials will be required to confirm findings.
Significant effects on the pH changes of the freshwater during bathing were found as a result of freshwater origin . Also, Neoparamoeba pemaquidensis seemed to show a greater survival in waters rich in CaCl 2 and/or MgCl 2 (Powell & Clark 2001) . These water quality factors could explain the significant association between both reported mortality rate and bathing frequencies, and freshwater origin, as found in this study. The water source seemed to affect N. pemaquidensis removal or kill (as determined by reported bathing frequency) and compromise fish health (as determined by reported mortality rate). Experimentation is needed to determine which water quality factors, and to what extend these factors, affect both N. pemaquidensis and fish.
In our study, the only factors which directly affected AGD status according to the questionnaire were the presence of mix sex stocks (TAS), usage of antifouling paints (TAS and OS), automated feeding (OS and Pooled), presence of other salmon farming sites upstream (Pooled), tidal sites (TAS), depth of site (OS and Pooled), rate of salinity change in halocline (TAS, Pooled), and depth of halocline (OS, Pooled). Reduced bathing frequencies, derived from the questionnaire survey, were achieved when bigger size bathing cages were used and a higher oxygen saturation level. Further studies including controlled field trials would be useful to confirm the findings of this study.
